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OF SPIN OF MODERN AIRCMFT 

J.Gobeltz 

Recent improvements i n  the  tes t ing technique a t  the  ve r t i ca l  
wind tunnel of the  L i l l e  In s t i t u t e  f o r  Fluid Dynamics are 
discussed, followed by a review of spin c lass i f ica t ion  and 
spin recovery. Test data of spin models, i n  f l a t ,  normal, 
inverted spins and uncontrolled dives, a r e  extrapolated t o  
full-scale a i r c r a f t  with guidelines f o r  se t t ing  of the  control 
surfaces. Addition of  auxiliary surfaces, such a s  keelsons 
and fair ings,  i s  evaluated i n  re la t ion  t o  more rapid recovery 
from spin, 

1. Wind T q e l  Research on Spin Characteristics and 
Spin Recovery of a Given Aircraft  

We w i l l  s t a r t  t h i s  discussion by reviewing f i r s t  the improvements made i n  
our t e s t ing  technique in the ve r t i ca l  wind tunnel since the paper presented a t  
the  AGAFlD3@ meeting on November 5, 1954. 
f i ca t ion  of spin and spin recovery, demonstrated our mode of data presentation, 
and i l l u s t r a t e d  the discussion with a film. 

I n  1954, we mainly outlined our  classi-  

The method described then i s  st i l l  i n  use and continues being highly suc- 
cessful. 
l earn  how t o  interpret  certain resu l t s  of wind tunnel t e s t s  so  as t o  b e t t e r  pre- 
d i c t  the resul ts  of full-scale tests. 

Nevertheless, within the  scope of this method, we were obliged t o  

our classi f icat ion comprises stationary spin (permanent o r  t ransient  ), un- 
s tab le  spin and recovery from spin. 

I n  the  unstable spins, we only included spins which, within a more o r  l e s s  
long in te rva l  of time, ended i n  recovery from spin. However, i n  view of the  
rapid f la t  spins of many modern a i r c ra f t ,  it became necessary t o  account a l so  
f o r  nonstationary spins tending t o  a stationary spin rather  than t o  recovery. 
Thus, it was a question of defining, i n  addition t o  the s ta t ionary spin i t s e l f ,  
the  mode i n  which the  a i r c r a f t  could reach t h i s  stationary spin and even i f  t h i s  
were possible a t  al l .  
description of how we solved the problem. 

This par t icular  point w i l l  be discussed first, with a 

a )  Rapid and Fla t  Spins 

Unti l  the appearance of rapid and f l a t  spins, the model had always been 
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launched i n  an a t t i t ude  and with a rotation close t o  the s ta t ionary spin; t h i s  
spin became rapidly established: 
model very close t o  a s tabi l ized spin. 

In m o s t  cases, one single turn brought t he  /2 

If this practice i s  t o  be retained f o r  rapid f l a t  spins, it would be neces- 
sary t o  impart t o  the  model f romthe  very beginning an a t t i t ude  and a rotat ion 

' 

far from those of incipient spin of the full-scale a i rc raf t .  In  addition, one 
usually i s  qui te  far fromthese conditions since the  time required f o r  estab- 
l i sh ing  this type of spin frequently i s  so great  t ha t ,  in actual  f l i gh t ,  the  
final s ta t ionary spin is  rarely ever attained. 
imed ia t e ly  in to  i t s  s tabi l ized spin would mean t o  neglect prac t ica l ly  the en- 
t i r e  motion executed by the full-scale a i rc raf t .  

Consequently, t o  place the model 

Since these spins take long t o  s tabi l ize ,  the spin axis of t he  a i r c r a f t  
would have become ve r t i ca l  before the spin i s  actual ly  stabil ized. 
it i s  completely legitimate t o  make tests i n  a free spinning tunnel i n  order t o  
define the  mode i n  which the a i r c r a f t  tends toward i t s  s tabi l ized spin. 
instead of launching the model i n  a plane with a strong imposed rotation, we now 
successively launch our models i n  more o r  l e s s  nose-down a t t i t udes  a t  increasing 
ra tes  of rotation, The next step is t o  observe the behavior of the  model, name- 
l y  t o  determine whether the spin f la t tens  out o r  accelerates and with what 
rapidi ty  these evolutions take place. In  applying t h i s  method, we found t h a t  a 
s ta t ionary f la t  and rapid spin can be obtained by d i f fe ren t  means, varying with 
the given case: 

Therefore, 

Thus, 

I. under the  express condition tha t  the model, from the  beginning, i s  

11. by a progressive development of movement, launching the model i n  a 
launched i n  a f l a t  spin with rapid rotation; 

cer ta in  range of longitudinal angle of trim a t  moderate r a t e  of  
rotation; in this case, the f la t ten ing  i s  frequently due t o  the  
pitching moment produced by inertia forces; 

111. a s  a consequence of f la t tening out, no matter how the  model had been 
launched; i n  this case, the f la t ten ing  often i s  rapid and mainly i s  
due t o  an aerodynamic moment. 

We then made an attempt t o  interpret  the data. I n  the  case I, one can con- 
clude tha t ,  i f  the p i l o t  keeps h is  controls i n  the same posit ions as those of 
the  model from the  very beginning of h i s  spin, he w i l l  never reach the  f la t  
s ta t ionary spin obtained i n  the  wind tunnel. Conversely, i f  by some means o r  
other t h e  p i l o t  has reached a f la t  spin, he can recover from the spin by set- 
t i n g  the controls i n  these same positions. 

I n  the  case 111, it can be concluded tha t  the rapid and f la t  spin w i l l  be 
eas i ly  obtained i n  full-scale f l i gh t ,  

In  the  intermediate case 11, allowance must be made f o r  the maximum modulus 
of longitudinal trim, beyond which the spin does not become established,for the  
rate of entry in to  spin, and fo r  the  spins obtained with other se t t ings  of the 
control surfaces. The r a t e  of establishment of spin is  highly important since 
it indicates the time available t o  the p i lo t  f o r  counteracting the  spin as well 
as the  number of turns  t o  be made i n  f l i gh t  i n  order t o  reach a s tabi l ized spin, 

I n  these cases of rapid and f la t  spins, f o r  a given configuration of the 
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controls, we thus define the  following: 
s tabi l ized spin; 
range of longitudinal t r i m ,  s tar t ing from which spin can be obtained; 
minimum r a t e  of rotation t o  be imparted a t  the beginning so a s  t o  ob- 
t a i n  a spin; 
time required f o r  f la t ten ing  out on the  one hand and f o r  obtaining 
maximum r a t e  of rotation on the other. 

With consideration of all these elements, we drew general conclusions fo r  
Based on these conclusions, comparisons were conducted with 

Such a comparison usually should cover only the phase of estab- 
a given a i r c ra f t .  
f l i g h t  tests. 
lishment of spin; specifically,  caution must be exerted not t o  assume absence 
of agreement merely because, a f t e r  several turns  i n  f l i gh t ,  rapid and f l a t  sta- 
tionary spin has not been reached. 

b )  Agitated Spin 

Let us  now t a l k  of the possible agitations during a spin. Such fluctua- 
t ions  a r e  a frequent occurrence and thus  a l so  necessitate interpretat ion of 
model t e s t s .  I n  the  wind tunnel, it i s  readi ly  possible t o  launch the  model i n  
such a manner tha t  the motion is  of the  purest possible type a t  the beginning. 
From then on, the  evolution of motion can be closely followed: 
e i ther  remain calm or soon will become subject t o  agitations.  
stationary or e l se  divergent i n  which case the spin proper will end. 
we again must introduce the conditions under which the full-scale a i r c r a f t  
enters  a spin: I n  a l l  cases, during the incipient spin, considerable vibratory 
s t resses  exist. Thus, i f  such vibrations appear almost immediately i n  the  wind 
tunnel, it must be concluded tha t  the  spin of the full-scale a i r c r a f t  w i l l  always 
be agitated. If,  conversely, the agitated spin i s  established slowly or i f  it 
damps spontaneously, it i s  jus t  as possible t o  encounter a calm or an agi ta ted 
spin i n  ac tua l  f l igh t .  S t i l l  another case exists which must not be neglected: 
To obtain a calm spin of the  model it is  absolutely necessary t o  launch the 
model i n  completely calm regime since even the  s l igh tes t  agi ta t ion would prevent 
establishment of a calm spin; here, it must be concluded tha t  a calm spin i s  
impossible i n  actual  f l igh t .  This l a t t e r  case must be supplemented by cer ta in  
rapid and f la t  spins which can be obtained only by launching the  m o d e l  i n  a 
steeper dive, a t  a lower speed, and with some agi ta t ion;  i n  tha t  case, the  in- 
creasing vibrations do not permit establishment of a rapid and f l a t  spin in the  
wind tunnel; t h i s  means that ,  in actual f l i gh t ,  this type of spin would be high- 
l y  improbable. 

Such motion w i l l  

Here, 
These may become 

With respect t o  such agi ta t ions,  we avoid purposely t o  use the designation 
"recovery from spin" fo r  any termination of spin as a consequence of agi ta t ions,  
I n  fac t ,  cer ta in  a t t i tudes  reached are l i t t l e  conducive t o  regaining control of 
the a i r c ra f t :  
they become violent,  affect ing the p i lo t  and causing him t o  become disoriented. 

Either the agi ta t ions degenerate i n t o  an autorotation or  e l se  

Lateral vibrations frequently were almost the  only type t o  reach high 
amplitudes; however, i n  more modern a i r c ra f t  we noted a tendency t o  strong vi- 
brat ions of the longitudinal trim, which frequently diverged rapidly and re- 
sulted i n  passage through ve r t i ca l  a t t i tudes,  which does not always lead t o  re- 

3 covery from spin. 



Certain such agi ta t ions diverge so  rapidly t h a t  one could conclude tha t ,  
under cer ta in  configurations, the a i r c ra f t  could make only extremely short  evo- 
lut ions which would be d i f f i c u l t  t o  compare with t rue  spins, 

c )  Recovery from Spin 15 
Let us now discuss the manner i n  which cer ta in  character is t ics  of spin re- 

covery can be appreciated. Here again, it is  a question of making allowance not 
only f o r  the  geometry of the movements but a lso f o r  t he  r a t e  a t  which t h e  l a t t e r  
take place. 

With respect t o  recovery from spins reaching almost ve r t i ca l  a t t i tudes ,  t he  
problem i s  mainly one of the  var ia t ion i n  speed of rotation. 
from a spin, it i s  hoped simultaneously t h a t  the mean incidence of the a i r c r a f t  
w i l l  decrease and tha t  the rotation wil l  stop. However, the  p i l o t  i s  made aware 
of the end of a spin more by the stoppage of rotation than by the decrease i n  
angle of attack. For numerous a i r c ra f t  of recent design, recovery from a spin 
can be obtained only i f  the  ai lerons are deflected i n  direct ion of the spin. 
If ,  during recovery obtained by t h i s  maneuver, the  a i r c r a f t  goes in to  a dive it 
happens often tha t ,  with the  ai lerons returning t o  t h e i r  normal efficiency, a 
roll about the ve r t i ca l  axis takes place a t  the end of evolution which starts 
before the  spin rotat ion has been stopped. I n  tha t  case, the p i l o t  w i l l  have 
some d i f f i cu l ty  t o  define the exact moment a t  which the  spin i s  terminated, 
i.e., t h e  motion involved here no longer meets the def ini t ions given by 
A.Martinot-Lagarde i n  Section 1.1 of his paper. The only means the p i l o t  has 
avai lable  fo r  real iz ing tha t  he no longer i s  in a spin i s  the  increase i n  h i s  
veloci ty  of t ranslat ion;  t h i s  means that he has l o s t  time, i.e., t ha t  he cannot 
obtain restorat ion a t  the ea r l i e s t  possible moment. Thus, although wind-tunnel 
t e s t s  show spin recovery passing over into a ve r t i ca l  roll within n turns,  one 
must add t o  this the  time necessary for the p i lo t  t o  become aware of t he  change 
i n  the  type of rotation. For t h i s  reason, we are classifying the  v e r t i c a l  re- 
covery from a spin with rotat ion in to  two groups: those during which the rota- 
t i on  actual ly  stops o r  a t  l e a s t  slows down d i s t inc t ly  and those i n  which the  
ro ta t ion  retains  the same value practically throughout. With respect t o  t h e  
former groups, the  in te rva l  of time during which deceleration occurs nust  be 
noted; the  l a t t e r  groups must be avoided as f a r  as  possible. 

During recovery 

Nevertheless, stoppage of rotation must not be looked f o r  a t  a l l  cost. To 
demonstrate t h i s  point, we w i l l  give certain instances with reference t o  spin 
recovery which we w i l l  denote as "lateral". During these types of spin, the  
longitudinal trim varies  l i t t l e .  It is specif ical ly  on recovery from l a t e r a l  
spins t h a t  the most d i s t i n c t  stoppage of rotat ion i s  obtained; however, a t  the  
same time tha t  this stoppage is  obtained, the a t t i t ude  and velocity of transla- 

time as stoppage of rotat ion takes place, the  leading wing i s  raised and i f  an 
increasing velocity pa ra l l e l  t o  the  longitudinal axis of t he  a i r c r a f t  i s  super- 
posed t o  the  veloci ty  of i n i t i a l  descent, then the  recovery can be considered 
a s  satisfactory.  
speed of the a i r c r a f t  i tself  changes l i t t l e ,  the  conditions a re  propitious f o r  
a new s t a r t  of spin which usually takes place i n  the  inverse direct ion since the  
control-surface se t t i ng  had been favorable f o r  this .  

t i o n  of the  a i r c r a f t  may develop in  different  fashions. If, a t  the  same /6 

Conversely, i f  the  wing span remains horizontal and i f  the  

Here again, the  time 
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element intervenes; one must know whether the  p i lo t ,  a s  i s  necessary, can ap- 
preciate the end of h i s  spin before reversal of the  spin into an inverted spin 
has started.  
model has a tendency t o  diverge i n  an inverse d i rec t ion  and the r a t e  a t  which 
the  inverted spin becomes established. 
l a t e r a l  recoveries with increase i n  speed, t he  model w i l l  a t  times start a 
s l igh t  rotat ion in the  opposite direction; i n  t h i s  case, we conclude t h i s  t o  be 
a correct recovery, thinking tha t  - i f  the increase i n  speed i s  suff ic ient ly  
d i s t i n c t  - a new spin cannot take place. 

I n  the case of l a t e r a l  recoveries, one must check whether the 

It should be  mentioned tha t ,  during 

2. Full-scale Flight Tests L2: 
The notes given here with respect t o  ac tua l  f l i g h t  t e s t s  a r e  not as complete 

as could be furnished by the C.E.V. since the IMF (Fluid Mechanics I n s t i t u t e )  of 
L i l l e  does not have i t s  own f l i g h t  tes t ing service. 
with the p i lo t s  ass i s t ing  i n  various wind-tunnel tests and contacts with the 
C.E.V. as well a s  the tes t ing  service o f  various a i r c r a f t  construction companies 
have permitted cer ta in  conclusions, of a more qua l i ta t ive  than quantitative 
nature. 

Nevertheless, discussions 

Among the t e s t s  made a f t e r  our 1954 paper had been published, we fa i led  t o  
record divergences of some importance, e i ther  i n  spin a t t i t udes  or i n  t he  char- 
a c t e r i s t i c s  of spin recovery. 

It should be mentioned t h a t  the  s t a r t  of spin, subsequent t o  takeoffs a t  
low velocity, generally a re  not abrupt; in some cases, it i s  even d i f f i c u l t  t o  
induce spin by t h i s  par t icular  method. Conversely, i f  the takeoff i s  done with 
a cer ta in  load factor,  the s t a r t  of spin may be  extremely violent and the evolu- 
t ions  a r e  d i f f i cu l t  t o  in te rpre t  by the p i lo t  who, misled, becomes rapidly dis-  
oriented. 
measuring a large number of parameters. From this, one can draw the conclusion 
tha t  an a i r c ra f t ,  taking off with a load factor ,  will then more readi ly  go i n t o  
a spin the  more the disoriented p i lo t  i s  unable t o  counteract the motion from 
i t s  very beginning. 

Resti tution of these violent starts i s  d i f f i c u l t  since it requires 

In  i t s  incipient phase, the  spin undergoes osci l la t ions due t o  the  oblique 
These osci l la t ions are of d i rec t ion  of the mean path of the  center of gravity. 

a highly character is t ic  type, easy t o  recognize: 
and they w i l l  damp i f  the  f i n a l  spin is  calm. Among the  full-scale spins com- 
parable t o  our wind tunnel t e s t s ,  we observed excellent agreement between calm 
and agi ta ted type of spin, deducting the incipient  agitations.  One par t icu lar  
a i r c r a f t ,  f o r  which the model spin had been of the  agitated type and f i n a l l y  
degenerated in to  an autorotation, actually performed a spin of t h i s  type. 

Their period i s  the  turn i t s e l f  

Until  now, we have no data on f l igh t  t e s t s  i n  which the spin had been con- 
tinued until a rapid and f la t  spin set in. 
be since otherwise the accelerations suffered by the  p i lo t  would prevent him 
from taking any action. 

Incidentally,  t h i s  i s  as it should 
/8 

For agreement between wind tunnel and f l i g h t  t e s t s ,  with respect t o  the  
control surface e f fec t ,  it i s  of in te res t  t o  d i f fe ren t ia te  between direct ion of 
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act ion and modulus of t h i s  action. A p i l o t ,  so long as he knows in which direc- 
t i o n  he i s  turning, always i s  able t o  set  the  controls i n  the prescribed direc- 
tion. I n  t h i s  regard, it is  
qui te  interest ing t o  verify,  exclusively from the impressions gained by the 
p i l o t ,  t h a t  the  direct ion of action defined i n  the wind tunnel always i s  en- 
countered i n  actual  f l igh t .  So f a r  as the necessaq  se t t i ng  of the  controls i s  
concerned, it seems tha t  the  action of the p i l o t  should be simplified so as  t o  
make it more accurate. For this, it i s  preferable t o  give instructions without 
s t r i c t  definit ion: each control surface f u l l y  deflected i n  one o r  the  other di-  
rect ion or, i f  necessary, controls f ree  i f  control surface i s  not reversible,  
with the  control column well balanced and centered a t  neutral. In t h a t  case, 
the p i l o t  must be given information on the type of recovery he w i l l  encounter 
and the parameters he must observe t o  know when t o  stop applying the cormnand. 
This i s  even more necessary since with f u l l y  deflected control surfaces, re- 
versal  of direction, passage in to  ver t ica l  roll, or abrupt change t o  inverted 
f l i g h t  are more l i ke ly  t o  be encountered. We should mention here the case of 
spin recovery obtained i n  the wind tunnel by a progressive transformation of t h e  
spin in to  a ver t ica l  roll, with the ailerons low. 
the  same type of recovery was obtained. A p i lo t ,  i n  making a check f l i gh t ,  had 
received the signals referr ing t o  the control surfaces f o r  spin recovery; he 
applied the commands properly and waited f o r  the rotat ion t o  stop. Since t h i s  
did not happen, he returned the a i l e r o n s  t o  neutral  i n  order t o  perform a dif-  
ferent  maneuver; a t  t h a t  very moment, the rotat ion stopped. 
from t h i s  that the recovery c o m n d s  t o  be applied were exactly the opposite of 
those worked out i n  the  wind tunnel; however, the recordings made proved t h a t  
the  spin i t s e l f  had been replaced by actual rolls. If the  p i l o t  had been ad- 
vised beforehand of the type of recovery involved, he would not have expected 
h is  maneuver t o  produce a stoppage of rotat ion and would have judged the end of 
h i s  spin fromthe airspeed indicator. 

This i s  not so f o r  the modulus of h i s  action. 

I n  the  full-scale a i r c r a f t ,  

The p i lo t  concluded 

A f i n a l  remrk  should be made with respect t o  f l i g h t  t e s t s ,  namely, t h a t  
it i s  not always desirable t o  stop a spin from i ts  inception. 
performed i n  tha t  case, even if  it would stop the incipient rotation, cannot be 
favorable t o  regaining control of the a i r c ra f t .  It i s  w e l l  possible, and t h i s  
has actual ly  happened, t o  obtain a succession of a l te rna te  starts i n  one or  t h e  
other direction, without the  a i r c r a f t  ever going i n t o  a regular dive. 
ly ,  i f  t he  spin, before s t a r t i ng  a counteraction, were allowed t o  continue t o  a 
s tabi l ized spin, one could then properly apply the  controls f o r  recovery thus 
obtaining a clean end of the  motion. 

The maneuver 

Converse- 

3. General Studies /10 
The prototypes constructed several years ago had the basic character is t ic  

of great suscept ib i l i ty  f o r  l a t e r a l  vibration, thus a t ta in ing  evolutions d i f f i -  
cu l t  t o  describe. In  recent years, f l a t  spins were performed with increasing 
frequency; some of these were slow and many reached very high rates of rotation. 
It should be noted t h a t  such spins were observed on Delta wings, on sweptback 
wings, and even on s t ra ight  wings, 
when accompanied by a high speed of rotation. The p i lo t ,  frequently s i t t i n g  f a r  
forward of the center of gravity, i s  subjected t o  accelerations t h a t  may prevent 
him from executing maneuvers for  spin recovery, seeing tha t  such mneuvers must 

Such f l a t  spins a re  especially dangerous 
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be  applied over many turns before becoming t r u l y  effective.  
goals must be reached which are,  i n  addition, closely interrelated:  

Here, a number of 

reduction i n  maXirrmm velocity of rotat ion of t he  spin, obtainable in 
f l i g h t  ; 
reduction i n  the number of control-surface configurations, permitting 
rapid and f la t  spin i n  f l i g h t ;  
r e s t r i c t ion  i n  the range of longitudinal trim, subsequent t o  which the  
rapid and f la t  spin can become established. 

It i s  well possible tha t  the desired goals can be obtained without having 
been able  t o  prevent a l l  f lat  spins i n  the wind tunnel. In fac t ,  i n  agreement 
with our above statements the f i n a l  goal i s  not so much t o  attempt suppressing 
any flat  spin i n  the  wind tunnel as t o  prove by wind-tunnel tests t h a t  the  a i r -  
c r a f t  would run l i t t l e  chance of going in to  such spins. L e t  us s t a t e  tha t ,  f o r  
a large number of a i r c ra f t ,  the  control surfaces i n  themselves are inadequate 
fo r  reaching the desired goal. 

We have tes ted a i r  brakes, parachutes, auxi l iary surfaces i n  the plane of 
symmetry a t  the ta i l ,  a l l  of which furnished prac t ica l ly  no resul t .  

Conversely, the addition of "keelsons", i.e., fixed surfaces i n  the plane /11 
of syrmetry and below the fuselage nose, has always been found t o  be the  most 
e f f i c i en t  means. 
r e su l t s  a r e  obtained: reduction i n  maximum velocity of rotation, reduction i n  
poss ib i l i t i e s  of entering f la t  spins, suppression of any stationary spins. 
surfaces, naturally,  a r e  cumbersome and ugly. For t h i s  reason, attempts were 
made t o  replace these by movable surfaces; primarily, we thought of using a i r -  
c r a f t  f l aps  similar t o  the well-known cowcatcher on t ra ins .  
we made cer ta in  findings with respect t o  these "keels". 

By increasing the area of such keels,  t he  following successive 

Such 

During such t e s t s ,  

If they a re  mounted below a given surface such as below the re la t ive ly  f la t  
bottom of a fuselage, they w i l l  be more e f f ic ien t  than i f  placed a t  the  fuselage 
nose. 

A f l a p  whose hinge i s  t o  the l e f t  has prac t ica l ly  no e f fec t  on a left-hand 
spin whereas it i s  highly e f f i c i en t  f o r  a right-hand spin. 

Two para l le l  surfaces, arranged symmetrically with respect t o  the  plane of 
symmetry of the a i r c r a f t  and spaced quite closely, have less ef fec t  than a 
s ingle  such surface placed i n  the  plane of symmetry. 

These attempts a t  modifying existing spins and comparisons between spins 
of d i f fe ren t  a i r c r a f t  have induced us t o  conclude t h a t  the shape of the trans- 
verse frame of the fuselage apparently has an important influence on the  capa- 
b i l i t y  of a given a i r c r a f t  t o  execute rapid and f l a t  spins. 
on a Delta wing, a t e s t  with f ive  long and heavy fuselages of d i f fe r ing  frame 
designs, with the  fuselages a l l  being inscribed in to  one among them tha t  had the 
configuration of a body of revolution. Thus, the  frames represented e l l ipses  
with respect t o  the ve r t i ca l  axis on the horizontal axis 2, 4/3,  1, 3/4 ,  and 
1/2. These tests are  st i l l  i n  progress and we only have the resu l t s  f o r  the 
ve r t i ca l ly  f l a t t e s t  fuselage A,  f o r  the round fuselage C y  and f o r  the  hori- 
zontal ly  f l a t t e s t  fuselage E. 

W e  then undertook, 

The fuselage A permits no stationary spin a t  a l l  
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and exhibi ts  no tendency t o  spin flattening. 
f la t ten ing  and t o  considerable increase i n  the  r a t e  of rotat ion;  the control 
surfaces permit no re l iab le  nor rapid recovery from spin, 
fuselage C yielded intermediate resul ts ;  t h i s  type permits f l a t  spins of rela- 
t i v e l y  high speed, and the control surfaces more or less e f f i c i en t ly  counter- /12 
a c t  the spin. 

The fuselage E leads t o  rapid 

The intermediate 

Let us now discuss the place where, and the manner i n  which, the Reynolds 
number intervenes i n  these tes t s .  
consists i n  variously f ixing the  points of t rans i t ion  and of flow separation. 

Primarily, the effect  of the  Reynolds number 

For the  fuselage E, each frame can be compared t o  a thick wing prof i le  
having i t s  chord pa ra l l e l  t o  the a i r c ra f t  span; i t s  angle of a t tack is  very 
high, and the Reynolds number can have o n l y  a minor effect:  The point of flow 
separation can be located only in the  d i rec t  v i c in i ty  of the  point of maximum 
curvature. It i s  exactly fo r  fuselage configurations close t o  the  l a t t e r  t h a t  
we have always encountered the la rges t  number of rapid and f la t  s ta t ionary 
spins. 

For the  fuselage A, the frames can be compared t o  p ro f i l e s  which now have 
t h e i r  chords i n  the plane of syrmnetry; here, the  angle of a t tack  i s  re la t ive ly  
low and t h e  Reynolds nuniber may have an effect .  Neihouse mentioned that t h i s  
e f fec t  consists i n  rendering the spin of t he  model more f l a t  and more rapid than 
in full-scale f l igh t .  This would mean t h a t  t he  f l a t  and rapid spins obtained 
on the  model do not represent movements possible i n  the full-scale a i r c ra f t .  
However, it i s  exactly fo r  f'uselages r e s e d l i n g  these par t icu lar  designs t h a t  
we never obtained rapid and f la t  spins. Thus, it seems tha t ,  i f  the Reynolds 
n-er has any influence a t  al l ,  t he  action must be of a d i f fe ren t  type, 

This leaves the discussion of the  round fuselage C; there  i s  no doubt t h a t  
the  Reynolds number will have the  greatest  e f fec t  on t h i s  par t icular  configura- 
t ion.  The fuselage frames cannot be absolutely compared t o  a de f in i t e  prof i le ,  
and there  exists no preferred point on which f l o w  separation might take place. 
In f ac t ,  the separation of flow w i l l  have d i f f i cu l ty  t o  become established a t  
any one point. We mounted longitudinal fa i r ings  t o  various points of the w a l l  
of t h e  fuselage nose C. Until  now, the only e f fec t  was tha t ,  i n  cer ta in  posi- 
t ions,  a d i s t inc t  tendency t o  rapid and f la t  spin was observed. 
mentioned tha t ,  i n  the fuselage A, we were able i n  t h i s  manner t o  obtain a con- 
siderable reduction in  the damping due t o  the fuselage; f ina l ly ,  the  e f fec t  of 
these fa i r ings  on the spin of t he  configuration E i s  always extremely low. It 
seems t h a t  the use of  such devices i s  highly precarious. 
i s  rarely permanent, so tha t  the angles of a t tack continually change i n  time. 
With respect t o  a fuselage, having no preferred points f o r  flow separation, it 
i s  cer ta in  tha t  this point of flow separation s h i f t s  constantly. 
point a r t i f i c i a l l y  with respect t o  the model may introduce a source of errors. 

It should be 

The phenomenon of spin 

Fixing t h i s  /13 

It seems tha t  the scale e f fec t  w i l l  always be low as long as  the contours 
of t he  fuselage frames show excessive loca l  variations i n  the  radius of curva- 
t u r e  below the maximum width of t he  frame. 

To reduce the e f fec t  of the  Reynolds number, the  most obvious solution i s  
an increase i n  scale of the model. It should be mentioned t h a t  a rather  im- 
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portant parameter must be taken into consideration here: the critical Reynolds 
number R, which characterizes the microturbulence of flow around the model. The 
lower this R,, the smaller w i l l  be the scale effect, In a vertical wind tunnel, 
it is thus of interest to have a rather high microturbulence, without proof that 
this leads to a macroscopic turbulence, Models launched in a calm atmosphere 
w i l l  be in a flow of maxixnUn R,; to obtain the same scale effect, both in the 
wind tunnel or in the free atmosphere, the wind-tunnel models could thus be 
somewhat smaller. 

Translated for the National Aeronautics and Space Administration by the 
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